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This biology guide, for use at the secondary level, 
is one of a series of guides, K-12, which were developed by teachers 
to help introduce environmental education into the total curriculun. 
The guides are supplementary in design, containing a series of 
episodes (minilessons) that emphasize experimentation and discussion 
relating to environmental problems making science moi relevant to 
the student. The episodes are built around 12 major environmental 
concepts that form a framework for each grade or subject area, as 
well as for the entire K-12 program. Although the same concepts are 
used' throughout the K-12 program, emphasis is placed on different 
aspects of each concept at different grade levels or in different 
subject areas. This guide focuses on aspects such as photosynthesis, 
the food chain, and the watercycle. The 12 concepts are covered in 
one of the episodes contained in the guide. Further, each episode 
offers subject area integration, subject area activities, 
interdisciplinary activities, cognitive and affective behavioral 
objectives, and suggested references and resource materials useful to 
teachers and students. (Author/TK) 
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Determining Population Siz e 
Background Information 



The size of the population of a given community, state or nation is 
basic information used by a variety of governmental and private agencies. 
Population data are not useful unless these data include the date the infor- 
mation was gathered, the method or procedure by which the data were gathered, 
and the exact geographical area in which the population is located. These 
basic data describe population size at one point in time. Additional data, 
obtained at other points in time, provide a descriptive record of changes 
in the absolute size of the population of a given area. Such basic data 
become useful in answering many questions related to space. 

Procedures 

a. Obtain the number of people now living in your community. 
Data can be obtained by (1) designing a procedure for securing 
information by a person survey, or (2) securing census data from 
your school or community library (Bureau of the Census, Depart- 
ment of Commerce), your Chamber of Commerce, local Planning 
Commission, or the nearest office of the Census Bureau, 

b. Define or secure the geographic area in which the population 
is located. 

c. If you use references, determine how and when the population 
data were secured. 



Survey of Population By Age Groups 

Background Information 

Determining the age distribution of a population can provide information 
as to whether a population is declining, stable, or young. Such information 
is useful in predicting the future of populations in a given community. 

Procedures 

a. Obtain the ages (specific age, by five or by ten year intervals, 
etc.) on numbers of the residents in your community. Data can be 
obtained by (1) designing a procedure for asking a sample of 
residents; (2) securing census data from your school or community 
library (Bureau of thu Census, Department of Commerce), your Chamber 
of Commerce, your local Planning Commission, or the nearest office 
of the Census Bureau. 

b. Display these data in graph form and propose interpretations 
of your observations. 

c. Compare the findings in your community with national and world- 
wide data. 



Dependency Load Of A Population 



Background Infonnation 

The dependency load of a population may be described as the pro- 
portion of individuals in a population who must be supported by the 
productive portion of the population. Technically, the assumption is 
made that the population under 15 years of age and over 65 years of age 
is not in the labor force and, therefore, depends on that portion of society 
that can be employed and considered part of the labor force. 

You may wish to develop your own definition of the dependency load 
in your own community, based on a different set of assumptions. If you 
do, the procedures below will se>^ve as an example of calculations to 
make, but you will need to modify the calculations to fit you» own 
definition. 

Procedures 

Secure census data on the population in your community by ag«2 
groups, say 0-4 years, 5-9 years, 10-rl4 years, etc. 

Add up the population age groups to secure the TOTAL POPULATION 
at some particular time. 

Add up the population groups age 65 and older. 

Add up the population groups from birth to U years inclusive. 

Add the over 65 years total (c) to the 14 years and under group 
(d) = TOTAL DEPENDENT POPULATION. 

TOTAL DEPENDENT POPULATION x 100 « PERCENT OF THE POPULATION 
TOTAL POPULATION THAT IS DEPENDENT 



Measuring Population Density 

Background Information 

Population density is the number of individuals per unit of space. 
Measurement of population density is a useful way to compare the living 
space occupied by human populations. The unit of space (for example, 
square feet, acres, square miles, etc.), must be the same for the popu- 
lations to be compared. Density measures provide data for discussing 
such topics as land use, crowding, changes in populations over time, etc. 

Procedures 

a. Select one or more suitable sample sites (a city block, a 
suburban area, etc.) of comparative size, 

b. Determine the quantitative size (area) of the sample site (e.g. 
1 square mile, 100 square meters, 1 acre, etc.). 



c. Count the number of individuals (men, women, children, age 
groups or other data that you feel are significant to your 
problem). 

d. Make computations as follows: 

Density pe. space unit = g- ^^^ V:,:gt:''lt"tl^ ^ 
A Question You Might Consider 

What observable relationships are there between these densities and 
the quality or accessibility of the environmental factor under investigation? 



Rate of Change of Population Density 

Background Information 

Population density investigations provide data on the number of 
people in a given amount of space at a particular time. This technique 
provides a standard way to determine how fast a population is changing 
in a particular locality. By calculating rate of change at different 
times for the same community, you can determine changes in rate. Can 
you think of other comparisons you can make with technique? 

Procedures 

Obtain data on density for the same population taken at two different 
time intervals (e.g. 1 hour, 10 days, 5 years) depending on your require- 
ments. (See "Measuring Population Density") 

Computations 

Compute the rate of change using the following formula: 
Step 1) Long Form 

Time of First Sample (Ti ) ^. „ r -n /*t\ 
Time of Second Sample (Tg ) = ^^^"9^ °f ^ime (&T) 

Short Form 



Step 2) Long Form 

Population Density of First Sample _ rk,,««« □ ^ 1.4.4 
Population Density of Second Sample " ^^^"9^ °^ Population Density 



Short Form 
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step 3) Long Form 

L^a-Pae ol Popu.1 atjqn. Dens i ty , ^^^^ Change 
Change of Tune 

Short Form 

Sample Problem 
Step 1) (Ti)1970 - (T2)1910 = (^^T) = 60 years 
Step 2) (D^)3960 people - (D2)1560 people = (dD) = 2400 people 

^*«P 3) - ^ti^eo^years^^ = = ^° ^^^^ °^ ^^^"^^^ 

Total formula may be used in the same way as follows: 

D] - D? = AD = R 
Tl - T2 AT 

Questions You Might Consider 

a. What information is needed to make the interpretation of this 
change meaningful to your problem? To human population studies? 
Where and how could you obtain that Information? 

b. Plot your dat. - what does it indicate? 

Determining Birth and Death Rates 

Background Information 

Data on birth rates and death rates make possible the determination 
of whether or not a population is growing, and the size of Its growth. 
A basic unit of time, such as one year, must be selected and data on the 
size of the population at the beginning of each unit of time must be 
secured. Growth of some populations can be predicted from population 
growth data. Are there other factors you would need to Include to calcu- 
late the future population growth in your community? 

Procedures 

a. Secure population data on your coimiunlty from public records 
or from your own census. 

b. Secure data on total deaths and total births for different 
years from public records in your commurlty, for example, the 
Chamber of Commerce, the library, the Planning Commission. 

c. Prepare a table with appropriate headings so that you can 
secure and record the data from public records that you will 

need for your calculations. 



BEST COPY AVAILABLE 



Calculations 



Calculate for any time interval (typically one year). 

Total births 



birth rate = 



Population Size 



X 1000 = birth/l^DO/time interval 



" PopSulionlize " = deaths/1 .000/tin,e interval 
death rate ° '^'""''^ ""^^^ °^ natural Increase per 1 ,000 population 



51 



Determining Changes In Death Rates 

Background Information 

Periodic variations in death rates become of interest if variations 
are large and such variations can be correlated with environmental events. 

Procedures 

a. Secure death rate data for each month for at least 3 to 4 years 
for your community. These data can be obtained from your local 
public health agency or by contacting the nearest medical 
association. 

b. Determine the population death rate for months. 

c. Plot death rates for months, as shown below. 



o 
o 
o 



{A 

o 



J F Etc 

Figure 1. A histogram showing death rates by months. 

A Question You May Wish To Consider 

Can you account for regularity or irregularity vf the patterns 
produced? 
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Determining Water Temperature 



Background Information 

Water temperature is usually close to the temperature of the atmosphere. 
Water is a vast storehouse for heat energy derived from the sun and the 
atmosphere. A pond, small though it is, warms or cools very slowly in ac- 
cordance with the seasons, a matter of great importance to aquatic life which 
cannot cope with sudden, drastic changes. Larger bodies of water may be al- 
most totally unaffected by sudden changes in air temperature except close to 
the surface. 

When there is considerable turbulence in moving v/ater, the temperature 
will not vary much as the depth increases. Turbulence prevents layering and 
one reading is usually sufficient. 

Materials and Equipment 

a. One centigrade, maximum-minimum thermometer 

b. One common chemical thermometer (+ or - .2C) 

c. Rope or cord calibrated in 6 inch increments. 

Procedures 



The common chemical thermometer is adequate for 
measuring surface temperatures in still or moving water. 

The maximum-minimum thermometer is the least ex- 
pensive device for measuring sub-surface temperatures. 
The scale on the left side of the thermometer measures 
low temperatures. The scale on the right side the high- 
est temperature. A tiny wire index in each column regis- 
ters the lowest and highest temperature encountered. 

To operate the thermometer, use a magnet to move 
each index down to the top of the mercury column. Low- 
er the thermometer on the calibrated rope to the desired 
level and allow a five minute interval for an accurate 
reading. Bring the thermometer to the surface and read 
the temperature from the lower end of the index on the 
cold side. When the air temperature is colder than the 
surface water it will be necessary to set and read the 
warm side of the instrument until temperatures are 
reached that are as cold or colder than the air. 
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Figure 1. A Maximum- 
Minimum Recording 
Thermometer 
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The maximum-mini mum thermometer has certain limitations: it is fragile 
and easily broken; it cannot be used at great depths without danger of crush- 
ing; between each reading one has to bring the instrument to the surface; and 
the reliability of the indices should be checked frequently. The exact pro- 
cedures for measuring temperatures will vary with the body of water. However, 
to obtain the most reliable data, consider the following ideas; recordings 
during several times of the day may yield different data, water temperatures 
may vary with depth in still water but is usually consistent in moving turbu- 
lent water, and when water sources converge (other streams, ditches or pipes) 
this convergence can cause changes in temperature. 



Determining The Amount Of Suspended Materials 
Carried By Running Water 

Background Information 

One measure of the quality of running water can be how clear it is. 
Water clarity can be affected by soil runoff, industrial wastes, city sewage, 
and the growth of microorganisms. The following test can give you comparisons 
of the materials carried by water. 

Materials and Equipment 

a. Quart mayonnaise jars or other convenient bottles 

b. Graduated cylinders 

Procedures 

Collect samples of water from various streams in jars or other con- 
tainers and bring it to the laboratory. Stir and mix your samples until 
there is no visible material on the bottom. Pour into the graduated cylinder 
up to the top graduation. Allow the water to stand for twenty-four hours. 
Compute the percentage of the volume that appears to have been in suspension. 
To determine the nature of the suspended materials, see the technique on 
"Microscopic Examination of Materials in Water." 

The Secchi Disc Method For Determining 
Limits of Visibility In Water 

Background Information 

The Secchi disc can be used to obtain a rough index of the visibility 
of objects in water. Indirectly this is an estimate of the depth to which 
light will penetrate in a particular body of water. Light penetration in 
water is most often prevented by either concentrations of living things or 
the presence of non-living materials such as sand or silt. 
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The Secchi disc has come into common use as a way of comparing one 
body of water with another or comparisons of tht same body of water at 
different times. Since the amount of light reaching the subsurface 
waters determines the depth to which photosynthesis can occur, Secchi 
disc readings do provide Information about the potential productivity of 
a body of water. 

Materials and Equipment 

a. Disc, 20 cm diameter, heavy plastic or wood 

b. Eye bolt and weight 

c. Heavy string, knotted at every 1 foot Interval 

Procedures 

The disc Itself can be made In almost any workshop or purchased from 
science supply houses. The best material Is probably acrlllc plastic or 
a siffillar material that will not become waterlogged with use. Wood or 
sheet metal may also be used. 

The disc Is 20 cm In diameter, and should be painted, as Illustrated 
In (A) below. The black and white paints that are used must be pure and 
striking In order to get dependable results. 

Top View Side View 




Figure 1. A Secchi Disc 



Standard conditions for the use of the Secchi disc ares overhead 
sun, no clouds, shaded and protected side of boat or dock, and minimal 
waves or ripples. If you take readings under other conditions, these 
should be recorded. 

The test Is best done from a boat, dock, or any similar place 
close enough to the water so that the disc can be loweriid Into the 
water. The distance at which the disc disappears from view Is noted. 
Then lift the disc and note the distance at which It reappears, the 
average of the two readings Is the. limit of visibility* 
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Determining The Amount Of Oxygen Dissolved In Water 



Background Information 

The solvent power of water allows molecules of other substances to 
spread through the water, and in doing so, make available oxygen gas to 
aquatic organisms. Under ordinary conditions, water contains 30 times 
less oxygen for a given volume than is present in air. Terrestrial ani- . 
mals have no difficulty in acquiring sufficient quantities of this essen- 
tial gas, but a fish, for example, must not only be very efficient at 
removing oxygen from the water, .but is in jeopardy whenever the quantities 
of dissolved oxygen diminish during normal seasonal changes (high temper- 
atures or an impervious ice cover) or when it Is consumed in Urge quan- 
tities by other organisms, such as bacteria. The animals that are present 
in a body of water are restricted to oxygenated rogions. 

Jlaterials and Equipment 

LaMotte dissolved oxygen kit containing: 

Manganese sulfate solution 
Alkaline Potassium Iodide Solution 
Sulfuric Acid 
0.5 ml dropping pipette 



Procedures 

a. Rinse the sample bottle in the water to be tested. ' Collect a - i^ 
sample of water from the desired depth. Make certain that it 
contains no air bubbles. Record the te»nperaturj i&f the wat^^^ 

at the same depth. When taking a sample In shallop wiiteri ; 
cover the mouth of the bottle tightly with the cap and sub- • 
merge the bottle to the desired depth. RembVd the cap to allow, 
water to enter the bottle. Squeeze thd; bottle 6r tap the sides 
to dislodge any air bubbles clinging t6 the inside of Ihe bottle. 
Replace the cap while the bottle is still under water. After 
bringing the bottle to the surface, examine it to be certain 
that no air bubbles are present In the sample. • 

b. To the sample add 8 drops of Manganese Sulfate Solution and 8 
drops of Alkaline Potassium Iodide Solution < Carefully cap the: 
bottle, mix by gently Inverting, then allow the precipitate to 
settle below the shoulder of the bottle. CAUTION: No air 
should be introduced with the reagents. Reagents tire added by 
al lowing the drops to fal 1 onto the test sample. Because of 
the greater density of the reagents» they will quickly descend 
into the sample. After each addition of reagent, the bottle is 
carefully capped for mixing, making sure that no air bubbles are 
formed. 



Titration flask 
Micro Burette 
Sodium Thiosu If ate 
solution 
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c. Add one measure (0.5 ml) of sulfuric acid (handle with care), 
cap the bottle and mix until the precipitate is completely 
dissolved. When you have added the acid, contact of the water 
sample with air will not affect the final reading. Samples 
collected in the field can be "fixed" by carrying out steps (b) 
and (c) on location and the final steps can be completed at a 
later time. 

d. Next pour your water sample into the titration flask up to the 
50 ml line. 




Then fill the Micro Burette with standard sodium thiosulfate 
solution by 



(1) 

inserting the 
Micro Burette 
into the plastic 
cap of the 
reagent bottle 



then 




(2) 

invert the 
reagent bottle 
and fill Micro 
Burette. Avoid 
bubbles in the 
Micro Burette 




Now (3) 

Place tip of 
Burette into 
plastic cap of 
Titration Flask 




(4) 

Add reagent 
until color 
changes from 
brown 




Read Result 
Here 
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(5) 

Remove Micro 
Burette and add 
8 drops of starch 
solution (starch may 
be added earlier if no 
brown color is apparent). 




(6) 

Continue adding 
reagent while 
gently swirling 
flask, until blue 
color just disap- 
pears. iT It Is 
necessary to refill, 
record total amount 
of reagent used. 



e. Converting the amount of reagent used to the number of parts 
per million of oxygen there were In your sample Is an easy 
task. Each major division on the LaMotte Micro Burette Is 
equivalent to 0.2 ppm dissolved oxygen and each minor division 
0.004 ppm. 

Calculations 

If It required 18 major and 1 minor divisions to reach the titration 
endpoint the reading would be (18 x 0.2) plus 2 x 0.04 or 3.6 ppm dissolved 
oxygen. 




f9 

The Table below will give you a way of comparing your results with 
the amount of oxygen that could be dissolved in the water. 



Ta^le 1 

Amount of Dissolved Oxygen in Water at Different Temperatures 
When Exposed to an Atmosphere Containing 20.9 Per Cent of 
Oxygen under a Pressure of 760 mm. Including Pressure of Water 

Vapor* 



Temp. 
°C. 


Parts per 
Million 


Cc. per liter 
(at 0°C. and 
760 mm.) 


Temp. 

°c. 


Parts per 
Mill ion 


Cc. per liter 
(at 0°C. and 
760mm. ) 


0 


14.62 


10.23 


16 


9.95 


6.96 


1 


14.23 


9.96 


17 


9.74 


6.82 


2 


13.84 


9.68 


18 


9.54 


6.68 


3 


13.48 


9.43 


19 


9.35 


6.54 


4 


13.13 


9.19 


20 


9.17 


6.42 


5 


12.80 


8.96 


21 


8.99 


6.29 


6 


12.48 


8.73 


22 


8.83 


6.18 


7 


12.17 


8.52 


23 


8.68 


6.07 


8 


11.87 


8.31 


24 


8.53 


5.97 


9 


11.59 


8.11 


25 


8.38 


5.86 


10 


11.33 


7.93 


26 


8.22 


5.75 


n 


11.08 


7.75 


27 


8.07 


5.65 


12 


10.83 


7.58 


28 


7.92 


5.54 


13 


10.60 


7.42 


29 


7.77 


5.44 


14 


10.37 


7.26 


30 


7.63 


5.34 


15 


10.15 


7.10 







Determination of COg In Water 

Background Information 

Carbon dioxide, unlike oxygen, dissolves readily in water. You would 
expect to find about as much carbon dioxide in a given volume of water as 
there would be in a like volume of air. 

Carbon dioxide enters natural waters through the surface of the water 
and also through the respiration of plants and animals. It is an essential 
raw material for photosynthesis in aquatic plants. Abnormally high concen- 
trations of carbon dioxide have a detrimental effect on most living things. 



*Taken from W. H. Bruvold. "Scales for Rating the Taste of Water." 
Journal of Applied Psychology 52:245-253, 1968. 



ERIC 



56 



Materials and Equipment 

LaMotte Kit PCO containing: Titration tube (code 0299) 

Phenophthalein Reagent (code 2246) 
Carbon dioxide Reagent B (code 4253) 
Micro Burette 



procedures 

a. Follow the Micro Burette instructions in the technique, 
"Determining the Amount of Oxygen Dissolved in Water." 

b. For reliable results, the test should be made on a freshly 
obtained sample, preferably a sample obtained with a minimum 
of contact with the air (avoid splashing). 

c. The titration tube is filled to the mark with the water to be 
tested. 

d. Add 2 drops of Phenol phthalei n. If the sample turns red, no 
free carbon dioxide is present. 

e. If the solution is colorless, add carbon dioxide reagent B drop 
by drop from the Micro Burette until a faint, but permanent pink 
color is produced and persists for at least 30 seconds. Gently 
agitate the sample during the titration. 

f. Note the Burette reading. Each major division on the Burette 
equals 2.5 ppm carbon dioxide and each minor division, 0.5 ppm. 

EXAMPLE: If the Burette reading is 10 major divisions 

the result of the test is (10 x 2.5 ppm ■ 25 ppm) 
plus (2 X 0.5 ppm = 1 ppm) or 26 ppm free carbon 
dioxide. 



Rating The Taste Of Water* 

Background Information 

The taste of water coming from domestic water systems is influenced 
by the kinds and amounts of substances dissolved in it. Recently, reli- 
able scales have been developed which, when properly used, can be used 
to assess consumer attitudes on the quality of the water in their water 
system. In laboratory and field studies consumer responses were sig- 
nificantly correlated with the total amounts of dissolved material in 
their water supply. 



*Taken from W. H. Bruvold. "Scales for Rating the Taste of Water." 
Journal of Applied Psychology 52:245-253, 1968. 



Procedures 



NOTE: Although general suggestions are made here, see the appro- 
priate techniques under "Survey Methods" for conducting a survey on 
water tastes. 

You can choose any one uf the four scales provided. Each seems to 
perform the task equally well. Using more than one or mixing them may 
take an unnecessary amount of time or yield unreliable results. 

In securing consumer attitudes about the local water supply be cer- 
tain that the water tasted comes from the tap and that the rating is 
done right after the respondent has had at least two or three swallows 
of water. 

Four Taste Scales 

Hedonic Scale 

1. I like this water extremely. 

2. I like this water very much. 

3. I like this water moderately. 

4. I like this water slightly. 

5. I neither like nor dislike this water. 

6. I dislike this water slightly. 

7. I dislike this water moderately. 

8. I dislike this water very much. 

9. I dislike this water extremely. 

Quality Scale 

1. This water has an excellent taste. 

2. This water has a very good taste. 

3. This water has a good taste. 

4. This water has a slightly good taste. 

5. This water has a neutral taste, 

6. This water has a slightly bad taste. 

7. This water has a bad taste. 

8. This water has a very bad taste. 

9. This water has a horrible taste. 

Action Tendency Scale 

1. I would be very happy to accept this water as my everyday 
drinking water. 

2. I would be happy to accept this water as my everyday drinking 
water. 

3. I am sure that I could accept this water as my everyday drink- 
ing water. 

4. I could accept this water as my everyday drinking water. 

5. Maybe I could accept this water as my everyday drinking water. 



6. I don't think I could accept this water as my everyday drink- 
ing water. 

7. I could not accept this water as my everyde; drinking water. 

8. I could never drink this water. 

9. I can't stand this water in my mouth and I could never drink it. 
Combination Scale 

■|. This water tastes real good. I would be very happy to have it 
for my everyday drinking water. 

2. This water tastes good. I would be happy to have it for my 
ever^'day drinking water. 

3. This water has no special taste at all. I would be happy to 
have it for my everyday drinking water. 

4. This water seems to have a little taste. I would be satisfied 
to have it for my everyday drinking water. 

5. This water has a mild bad taste. I could accept it as my every- 
day drinking water. 

6. This water has a fairly bad taste. I think I could accept it 
as my everyday drinking water. 

7. This water has a bad taste. I don't think I could accept 1t as 
my everyday drinking water. 

8. This water has a real bad taste. I don't think I would ever 
drink it. 

9. This water has a terrible taste. I would never drink it. 

Methods of Analyzing Various Odors From Water 

Background Infonnation 

Odors in water are frequently caused by decaying organic matter or 
sewage. Chemical wastes f. om industrial plants can also produce smells. 
Some microscopic organisms also yield odors as byproducts of their metabo- 
lism. Odov's are a significant index of the quality of water supply because 
you are able to detect substances in water at levels as low as a few micrograms/ 
liter. 

Have several members of your team smell the sample, study the descrip- 
tions and pick the term most appropriate before they compare answers. 

Materials and Equipment 

Standard Collection Bottles and Thermometer 

Procedures 

Odor tests should be conducted when the samples are being obtained 
because many odors are due to dissolved gases which quickly leave the 
containers. 
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To obtain a qualitative description of the odor of the sample, re- 
move the glass stopper from a standard collecting bottle after first 
shaking the sample. Sniff the odor lightly. Record the'description 
which best describes the odo." noted. For most reliable results, the 
samples should be tested at a temperature of approximately 40°C. 



Rootvegetable odor 
Water Quality: Estimating Differences in Biological Diversity* 



Streams, ponds and lakes that have been unaffected by human activi 
and have established a dynamic equilibrium over a period of time are 
characterized by large numbers of kinds of aquatic organisms. These 
plants and animals are adapted to particular niches in the aquatic eco- 
system. The numbers of each type generally remain rather stable over 
the years, although there will be seasonal variations in numbers. 

In general, if new substances foreign to the organism enter the 
water, each species will be influenced in a particular way. When mater- 
ials poisonous to life enter the ecosystem in small quantities, some 
species may be completely destroyed. With this destruction, more tol- 
erant species will be able to increase their numbers as competition is 
reduced. A study of the number of kinds or types of organisms and the 
numbers of individuals of each type, may, therefore, be studied to 
determine changes that are occurring or have occurred in the ecosystem. 
The graph below gives an expression of these relationships. 

(Graph on reverse side) 



♦Adapted from Cairns, et. al. "The Sequential Comparison Index." A 
Simplified Method for Non-Biologists to Estimate Relative Differences 
in Biological Diversity in Stream Pollution Studies. Journal of 
Water Pollution Control Federation. September 1968. 



Odor; Qual itative Descriptions 



Spicy odor 
Vanilla or Balsam 
Sweetish 

Industrial or chemical smell 
Petroleum odor 
Rotten eggs - H^S 
Fishy odor 
Sewage odor 
Peaty odor 
Rotting straw 



Cucumber- like odor 
Geranium-like odor 
Violet-like odor 
Chlorine 
' Medicinal odor 
Disagreeable 
Pin pen smell 
Damp earth 
Crushed grass odor 
Moldy-damp cellar 



Background Information 
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A 

B 



- Variation in numbers of species 

- Variation in numbers of individuals within species 



Decrease in 
water quality 
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Figure 1. Relationships of the number of species to the numbers 
of individuals within species in a stream. 



Collecting Procedures 

It is possible to estimate the effects of changes in water quality 
on aquatic habitats by sampling and comparing the organisms at different 
points in the system. Consider the following sampling procedures to see 
if they fit your needs. If not, invent your own. 

Passive Sampling 

These methods involve placing some structures or objects at several 
places in the stream for a fixed amount of time, then removing the ob- 
jects, recording the organisms that have become attached and comparing 
the numbers of species. 

Sampling with Synthetic Sponges 

Anchor small pieces of sponges (1" x 3" x 4") near the bottom of 
the stream for approximately 14 days. Remove the sponges from the 
water and squeeze the fluid into a jar of preservative so the organisms 
Cf»n be counted later (a 5% solution of formalin will do). This technique 
will usually collect only small, plant-like forms. 

Multiplate Sampler 

This sampler can be constructed of wood or other materials to which 
organisms will adhere. It is made of alternating layers of large (6 to 
10 inch squares of wood or hard board with small (1 to 2 inch) squares 
that are held together by a threaded bolt. (See Figure 2.) 




Figure 2. A Multi- 
plate stream sampler 

This sampler should remain In the water for at least 14 days. When 
It Is removed the sampler should be taken apart and all attached organ- 
isms placed In 5% formalin. 

Less complex samplers can be made from pieces of wood or rock placed 
In the desired places In the stream. 

Active Sampling 

This implies that you will go to the selected sites and gather the 
organisms iinnedlately. The technique used will be determined by the 
kind of organisms present, the nature of the bottom of the water, and 
partially whether it is feasible or safe to personally enter the water* 
In genaral, the following techniques and equipment should be considered: 

a. Seines and nets for collecting large organisms which try to 
avoid capture such as fish or crayfish. 

b. For slow moving or attached bottom organisms, consider scraping 
rocks or other submerged objects directly into preservatives. 

To make comparisons between one area and another, construct a 
sampling frame 1 to 2 feet square from metal or wire, lay this 
frame on the bottom and collect within that area. This will 
allow you> to sample the same area at each site. 

Counting 

In counting organisms, it is not necessary that you identify each 
one. You only have to compare an organism with the one you just looked 
at and note whether it is similar or not. Let's look at how a typical 
count of microscopic organism might proceed* , 
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Figure 3. Counting Diversity of Organisms 



Suppose when you look through your microscope you see the organisms 
in Row 1. Beginning with organism (a) through organism (c) they all ap- 
pear to be the same. For this category system we would say they are all 
in the same "run." The next run would start with organism (d) and in- 
clude all organisms until an unlike organism is located, that would be 
up to organism (f). So the second run would include (d) and (e). The 
next run is composed of organisms (f) and (g) and the last run only one, 
organism (h). So Row 1 has 8 organisms and 4 runs. Row 2, with fewer 
kinds of organisms, has 8 organisms and 3 runs. 

You use the same system for classifying organisms regardless of the 
size although there are some slight differences in the way you proceed. 
For counting microscopic forms place 2 drops of a samle on a slide and 
cover with a cover slip. Start at the upper left cot er of the cover 
slip and count across being careful not to count the same organisms 
twice. Count until several hundred organisms have been recorded. An 
easy way to record your count is to designate your first oraanlsms (x). 
If the next one is like the first another (x); if not an (o). A typical 
tally might look like this: xxxoxoooxxoo. The number of runs 
is then the number of alternate groups of (x's) and (o's). 

For larger organisms the jars are emptied onto trays and counted In 
the way in which they fall. If they are clumped, then pour on liquid 
until the clumps break up. The counting proceeds the same. 




To establish which areas have the greatest diversity compute the 
Diversity Index according to the following formula: 

Diversity Index (DI) • 



The larger the D.I., the greater the diversity in the habitat. 
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Quantitative Microscopic Examination of Materials In Water 

Background Information 

Water may be clear or cloudy, green or brown, free of odors or foul 
smelling. All of these qualities are affected by the kinds of living 
and non-living materials in the water itself. Sometimes even clear look- 
ing water may contain organisms or substances that make it unusable for 
special purposes. If your problem involves locating and describing 
causes of inferior water quality, and you have eliminated additions of 
chemical substances, consider using this technique. 



Materials and Equipment 



itm 



a. Sterifil Aseptic Filter System from Millipore Corporation 
(CAT. # XXII04700) 

NOTE: This system contains more parts than you will need. 
Only those essential parts will be described and named. 



25C ml funnel 
Willi threaded base 
and 0-ring inside-^ 

Millipore filter 
type HAWG 




Filter Holder (blue) 
Receiver Flask ^ 
with Leur ports 



Rubber cap fm^ 



Leur port 




Figure 1. Sterifil^"^ 
Aseptic Filter Systpm 



Plastic syringe 



2-way valve 



Rubber hose 



Nylon adaptor 



\ 



!i ai 4i ii li 





Figure 2. Millipore Vacuum-Pressure Pump, Catalog #XKEM00107 
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b. Microscope 

c. Forceps 

d. Microscope slides 2" x 3" 

e. Immersion oil (general oil may be substituted) 

f. Drying oven (optional) 



Procedures 



Assemble the filter system 

a. Tighten the filter holder over the receiver flask and set a 
filter on the filter holder. 




Figure 3. Placing the filter on the filter holder. 

J 

b. Attach the funnel to the filter holder. Connect the rubber base 
of vacuum pressure pump to one hose part and cover the other with 
a rubber cap. 




Figure 4. Attaching the vacuum pressure pump. 
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Pour a known volume of your water sample into the funnel. (Using 
an even number of sis such as 10 or 100 simplifies future computations) 
If sample is thick with materials, use a smaller amount than if the .sample 
seems clear. 

To pump the sample through the filter, hold the syringe firmly with 
the left hand, and work the plunger rapidly back and forth with the right 
hand, over about half the length of the barrel. This will draw air out 
of the flask, and normal atmospheric pressure acting on the surface of 
the liquid in the funnel will start to push it through the filter. 




Figure 6. Washing 
the funnel . 
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Unscrew the funnel from the filter holder. Carefully remove the 
filter and place it on a few drops of immersion oil on a clean 2" x 3" 
microscope slide. Add a few drops of oil to the top of the filter. The 
filer will become transparent when the oil replaces the water in the 
filter pores. NOTE: Warming the slide in a low temperature oven reduces 
the clearing time to 10-15 minutes. 




Figure 7. Removing the filter and preparing a slide. 



Analysis 

Examine the surface of the filter under the highest power necessary 
to see the objects on the surface. To find out exactly how many organ- 
isms or objects are in each ml of your sample, perform the following 
steps: 

a. Pick at random ten of the squares on the filter and count all of 
the objects or organisms in each square. (What you count and 
record depends on the nature of your problem.) 

b. Substitute the number of organisms or objects counted in the 
following formula. 

N 
C 

1380 
V 

10 



= number of organisms per ml 
= count in 10 squares of filter 
= filtering area in mm'^ 
= volume of sample filtered 
= number of squares counted 
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Measuring The pH Of Water 

Background Information 

The pH sccle expresses the relati\/e concentration of hydrogen and 
hydroxide ions in a solution. When the concentration of these two ions 
in a solution is the same, the solution is said Lo be "neutral." When 
there are more hydrognn ions than hydroxide ions, the :=;olution is said 
to be "acid." When the reverse is true, the solution is called basic. 



ACID BASIC 



/ — — ^ ^ 

1 2 3 4 5 6 7 8 9 10 n 12 13 1/ ^ 

NEUTRAL 

Figure 1. pH Scale 

For a pH change of 1 unit, say 9 to 10, this requires a ten fold 
change in the concentration of hydrogen ions. 

The pH of most natural waters will usually fall between the range 
of pH 4 to 9. Certain kinds of isolated waters such as bog-type lakes 
are notable exceptions. Most natural waters tend to be slightly basic 
due to substances that enter the water from the surrounding rocks, soil 
or air. Measurable differences in pH can be caused by the entry of 
waste materials from a vari„vy of sources. Most living things In water 
arp adapted to a particular range of pH values and drastic changes in 
these values can be harmful or lethal. 



Materials and Equipment 

This Tiaterials list contains suggestions for more than one method 
of measuring pH. Read over the procedures first to select the method 
that suits your level of required accuracy, the physical si juation in 
which you wili perform your tests and your pocketbook. (There is little 
profit in working to a higher dcigree of precision than your problem 
requires.) 

a. pH Test Paper, 6 rolls short range (pH 1-14) 

b. Wide Range Comparator (LaMotte) (pH 3-10). Other LaMotte 
comparators are available with different ranges and more 
precise standards. 

c. Portable or laboratory pH meter from school or local en' Iron- 
ment. NOT RECOMMENDED FOR PURCHASE. 



ERIC 
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Procedures 

pH Test Papers 

Papers are supplied in ^olls in plastic dispensers. Withdraw and 
tear off approximately threiJ inches of paper tape and immerse about 
1 inch in test solution. Pamove and promptly compare with standardized 
colors on side of plastic dispenser. Estimate pH by color comparison 
of strip to standard colors. pH estimates can be made to the closest 
.5pH with some confidence. 

Color Comparator (LaMotte wide range) 

The LaMotte comparator is a black plastic container that contains 8 
sealed color standards, 2 penlngs for inserting samples, and 2 compara 
tor tubes. It is used in the following manner: 



a. // \. b. 




Pour sample in cleaned comparator Add five drops of wide range 

tube up to black line. induator and mix by Inverting 

one or two times. 



Cr 




Insert comparator tube in comparator block 
and compare the color of the sample with 
color standards. Select the closest pH 
and estimate to the closest .25pH. 




PH Meter 



pH meters are of two general types, portable (battery operated) 
and laboratory or line operated. These instruments offer a much higher 
degree of precision than the colormetric standards. The portable meter 
will normally yield results of ±0.1 pH units and the laboratory meter 
+0.02 pH units. Directions vary with the unit and manufacturers, so no 
procedures are given here. 



Color Comparison Tests For Nitrates Or Phosphates ((PO^) In Water 

Background Information 

Nitrates 

Clean, natural waters rarely contain more than a tenth of a milli- 
gram of ammonia nitrogen per liter (0.1 ppm N) while community sewages 
commonly contain fifteen to fifty milligrams of ammonia nitrogen per 
liter. Most of this ammonia rises from the hydrolysis of urea in urine, 
but additional ammonia is generated by the decomposition of other nitro- 
genous materials in sewage. Sudden Increases in the concentrations of 
ammonia found in streams Indicate that sewage, barnyard wastes, or other 
high nitrogen substances are being added. 

Intensive fertilization of high yield farm lands with concentrated 
nitrogen also raises the nitrogen content of runoff waters. Waters that 
are free of treated sewage may contain high nitrogen and produce heavy 
blooms of algae. The best available waste treatment may also supply 
water rich in nitrogenous materials. 



Phosphates 

Phosphate occurs in traces in many natural waters, trom .01-. 05 ppm 
and often in appreciable amounts during periods of low biologic produc- 
tivity. Traces of phosphate increase the tendency of troublesome algae 
to grow in reservoirs. Waters receiving raw or treated sewage, agri- 
cultural drainage, and certain industrial waters normally contain sig- 
nificant concentrations of phosphate, anywhere from 5 to 30 ppm. Also, 
phosphate is frequently added to domestic and industrial waters 1n 
various forms. Trace amounts of phosphate may also be combined with 
organic matter. Such phosphate seldom exceeds a few tenths of a milli- 
gram per liter. Phosphate in its various forms may also appear in the 
suspended matter or sludge of the sample taken. 



Materials and Equipment 



Nitrates 

LaMotte Nitrate Test Kit containing: 
0.5 ml pipette, 1 ml pipette 
0.1 g measuring spoon 
Nitrate reagent 1 
Nitrate reagent 2 
Nitrate reagent 3 
Nitrate reagent 4 

LaMotte Color Comparator, Phosphate-Nitrate (7492) 



Phosphates 

LaMotte Phosphate Test Kit containing: 

1.00 ml pipette, and standard unmarked pipette 
VM Phosphate reagent 
VM Reducing reagent 
Comparator, 7492 (as above) 



Procedures for Nitrates 

Collect water to'be sampled. (Portable test kits allow field samp- 
ling). Take the black plastic comparator from the test kit. 



a. 



bi 



a. Remove one of the red-capped test tubes, make sure it is clean, 
and fill to the black line with your water sample. 



b. Usina the 0.5 ml pipette, add one measured amount (to the 0.5 ml 
mark] of Nitrate Reagent 1 to the test sample.. 




c. Using the i.O ml pipette, add one measured amount of Nitrate 
Reagent 2 to the test sample and mix the contents of the test 
tube. NOTE: Nitrate Reagent 2 is a Hydrochloric Acid Solution 
and should be handled with great care. 

d. Using the 0.1 g measuring spoon, add one level measure of 
Nitrate Reagent 3 to the test sample. Stopper the test tube - 
and Invert the tube 20 to 25 times to mix the contents and 
thnn allow the test tube to stand 2 minutes. 




e. Using the 0.5 ml pipette, add one measured amount of Nitrate 
Reagent 4 to the test sample and mix. 
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f. After five minutes, if pink color develops, place tube in left 
(nitrate) side of comparator. Hold up to light source (pre> 
ferably daylight) and match sample with standardized colors. 
Nitrate concentrations are given on the side of the comparator. 
An In-between color can be Interpreted as halfway between the 
two values. 



Procedures for Phosphates 

NOTE: The test should be run on clear snples only. Filter the sam- 
ple If necessary. See nitrate instructions for use of the cobalt comparator. 



Single Reagent System (range 10 to 80 ppm) 

a. Fill the test tube to the mark with water to be tested. 

b. Using the 1.0 ml pipette, add one 1.0 cc of VM Phosphate 
Reagent to the test sample. Mix the contents of the tube. 

c. Wait five minutes for full color development, then Insert the 
tube in the comparator and compare the color of the test sample 
with the color of the standards of known value. When the color 
of the test sample 1s between the colors of two values. It Is 
taken as an average of the two values. 

d. Multiply the results obtained from the comparator by 10 to de- 
termine the phosphate level. If the level Is less than 10 ppm, 
save the test sample and go on to the Two Reagent System, 

Step c. 



Two Reagent System (range 1.0 to 10.0 ppm) 

a. Fill the test tube to the mark with the water sample. 

b. Using the 1.0 ml pipette, add one cc of VM Phosphate Reagent 
to the test sample and mix the contents* of the tube. 

c. Wait for five minutes, then using the unmarked pipette add 
three drops of VM Reducing Reagent and Invert the tube to mix 
the contents. The color will develop iinnediately. 

d. Insert the sample tube in the VM-12 Phosphate Comparator (4414) 
and compare the color of the best sample with the colors of the 
known standards. A test sample with a color that appears to be 
k^ween two values Is taken ai an average of the two values. 
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